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Preferential frosting of bridge decks in California's
moderate climate valley areas is a hazard to unsus~
pecting motorists. Salting to prevent this frosting
causes premature deck deterioration. This project
was designed with the primary objective of

eliminating the need for salting by providing

heat inside an enclosure under the deck. 1In case
the primary objective was found to be impractical,

a secondary objective of improving both motorists

and maintenance personnel warning systems was
sought. The experimental warning systems con-
sisted of a sign which is readable only when
illuminated, three different ice detecting

systems and.a telephone relay system. The

‘results show: 1. Heating is economically com-
parable with the overall cost of salting and

repairing the attendant deck deterioration:

2. Motorist reaction to an "icy bridge" warning
eign is podr: 3. Ice detecting systems tested
cannot be relied on to detect frost on bridge
decks in the California valley area.
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BRIDGE DECK FROSTING - VALLEY ENVIRONMENT
November, 1971

PROBLEM

In California's Central Valley Area, where the elevation is
generally less than 100 feet above sea level and the temp-
erature seldom falls below 20°F, flash frost forms on bridge
decks but not on approach roadways. This spot frosting
becomes a hazard to unsuspecting motorists. An increase in
speed and volume of traffic on modern freeways has caused a
sharp increase in multi-car accidents in the last few years
due to this phenomenon.

The present motorist warning system of impending frost
, danger is a standard "Slippery When Wet or Frosty" metal

sign, Figure 1, which is sometimes illuminated at night by
a flare pot.

Standard Motorist Warning Sign

- FIGURE 1

-1~
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This type“of sfén is ineéffective, primarily because it is
continuously visible to the motorist, even in the summer
time, and as sﬁch becomes an accustomed standard fixture
along the roadﬁay. When the sign is used exclusively for
frost warning,‘some maintenance people try to restrict its
visibility to periods of actual hazardous conditions by
covering it or turning it away from sight when the hazard
does not exist. But since frosting is almost impossible to
predict, even this method leads to ineffectiveness of the
sign due to its frequent cry of "Wolf" by often being exposed
when there is no frost. :

A generally acéepted theory is that in mild winter areas,
where apprdach?pavements do not frost, decks on boxed or
enclosed épans”wouid be less susceptible to frosting than
would decks'on:open girder type spans. The theory is.
supported by the assumption that the deck on boxed type

gspans is kept warmer by one or both of the following methods:
1) The entrapped air acts somewhat like soil under a pavement
and through conduction provides warmth to the deck surface;
énd,z) the enclosure prevents convection heat loss at the
deck's lower surface to cold winds blowing under it, and
thereby makes heat available to replace that lost at the
surface to thefwind.

Since frosting is intermittent--it occurs an average of only
5 to 7 times éhnudlly in California's Central Valley Area--
regular saltiné patrols are not maintained. This leaves
maintenance.fbrces‘undef a handicap in not beiﬁg on the spot
when needed dué to'their inability to predict when or where
frost wili_f@p@;

The frosty bffage deck problem in California's Central
Valley area is usually handled by one of the following
procedures:

ClibPDF - www .fastio.com


http://www.fastio.com/

1. When there is a high potential for frosting,
a crew will stand by to apply a salt-sand mixture

to bridge decks as necessary.

2. The Highway Patrol informs local maintenance

personnel after frost has formed on decks.

3. A frost preventive saline solution is periodi=-
cally sprayed onto the decks. Each application is
effective for approximately three days. (figure 2)

Applying saline solution to a bridge deck

y Figufe 2

ClibPD waww.lastio.com
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Adverse ramificﬁtions of these procedures are:
1. Bridge deck salt-sanding is an additional task to
valley maintenance personnel and results in extensive

overtime work as frosting usually occurs before the
normal working day begins.

2. Bridge deck salt-sanding in a valley environment
is usually done under the hazardous conditions of
darkness, foggy weather, and high speed traffiec. (The
latter is usually more of a hazard to valley salting
crews than mountain crews because of the valley
motorist's unawareness of the frost or slippery deck
problem). -

3., When highway patrolmen report frosting it usually
means the decks will have been slippery for consider-
able time before maintenance personnel arrive to
salt-sandﬁu

4. The saline solution preventive method accelerates
deck deterioration.

5. Regardless of the application method, salt used
to combat frost is causing deterioration in decks

that have heretofore been maintenance free.
Basically the valley bridge deck frosting problem falls into
two areas:

1. _Safety (Motorist and Maintenance).

2. Premature. deterioration.

ChibPDF - www.fastio.com
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" RESEARCH

The primary objective of this research was to study means
of eliminating the frosting hazard by heating the deck
from underneath,

The secondary objective was to improve motorist and
maintenance warning systems should the heating concept
prove impractical or less than 100% effective.

The research consisted of:

~

1. Enclosing the underside of six open girder
spans to form simulated box girder spans;

2. Providing heat in three of them;

3. Providing a motorist warning sign.which_is readable
only when illuminated: |

4. Installing telephéne relay systems to local main-
tenance control centers;

5. Conducting visual observations on decks of
several box and open girder superstructures
during periods of potential frosting; and,

6. Experimenting with a non-corrosive deicer.

The sign and telephone relay systems were éctivated
by frost detecting systems with sensors embedded in
the deck.

Enclosures

Two spans of each of three structures were enclosed by
attaching one inch thick urethane foam shéets_to the
bottom of girders. (Figurés 3, 4 & 5) The superstructure
types were: Steel, reinforced concrete "T" and pre-
stressed"M". Mastic between all joint sections made

the enclosure airtight. Low resistance electrical
heating cables provided heat in one of the two spans

so enclosed on each structure. - N

www . fastio.com
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o . URETHANE FOAM INSULATION

Prestressed
"M" Girders

Note heating
cables in background
span of top photo
and left bays of
bottom photo

Steel Girders
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Heat was controlled on one structure by a thermbstat that
turned on the power when the outside ambient temperature

was below 38° F. Heat was contihuously on-dﬁring the test
period in the heated spans of the other two structures. The
amount of heat furnished at all structures was manually
controlled from 2-1/2 to 1l watts per sgquare foot of deck
area.

Thermacouples were placed in the surface and soffit of the
deck in the enclosed spans and an adjacent unaltered span,
in the open space of the enclosed cells, and in the air

‘alongside the bridge. Honeywell 20-point recorders con-

tinuously reccrded the temperatures on a 5-minute cycle

from midnight to 10:00 a.m. each day duringfthe'three

months of potential frosting: December, January and February.
The Instrumentation shed is shown in Pigure 6. Sand, without
salt, was used to combat frost on the experimental

structures during the two winters of the Study.

Frost Detectors

The Nelson Snow Melter Control, Econolite Ice-Moisture
Detector and Holley Ice Condition Detector were all used
in this study. Sensing transducers of the detectors were
placed in the bridgé deck flush Mdthrthefsurface, in the
center of the inside traffic lane., The detectors were
connected to the motorist warning sign and to maintenance
telephone relay systems. Activation of the ice detectors
were also‘ﬁonitored by the Honeywell temperature recorders.
(Figure 7) ' o

All systems employ the same basic logic, that is, they
measure conductance between a set of electrodes mounted

in each of two sensors placed in the deck. A heater,
eiectrically controlled to turn on at 35°, in one set
prevents moisture that is present from freezing. Hence,
should conditions be favorable for icing, wmoisture between

wavwlastio.com


http://www.fastio.com/

ClibPDF - www .fastio.com

0y g i

-

Econolite controls and

., Honeywell 20 point recorder

Figure 7
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one set of electrodes will freeze but will remain liquid
between the other set. Since ice has a much lower con-
ductance than does water, a comparison of cbnductance
measurements will show: 1) if moisture is present: and,
2) if ice is present. Also the unheated sensor detects
temperatures below 32°, |

The Nelson unit has one set of electrodes in a rectangular
housing and a thermostat, factory set at 32° in a similar
housing. Electrodes for the Econolite and Holley are in
two separate cylindrical housings. (Figure 8)

The Holley system reportedly also anticipates icing. It
does this by measuring and comparing the relative humidity
and ambient and deck surface temperatures. Its electronic
logic is set to warn of imminent frost when the relative
humidity to saturation differential is slightly higher than
the deck surface to ambient temperatures differential.

Motorist Warning

An extinguishable message sign was installed on an apprbach
600 feet from one of the bridges. Flashing fluorescent
tubes illuminated the B~inch high "ICY BRIDGE" letters of
the sign from behind. When the tubes'are not lit, the
letters blend in with the blank face of the sign, thus
making the message indiscernible when the éign is "Off".
Figure 9) | ' -

Maintenance Warning

The frost detecting systems were connected,-through
telephone relays, to a buzzer and light signal mounted

in a local Highway Pétrol Communication Center in one
area and in a continuously manned Bridge Tender's Office
in another. The buzzer could be turned off manually, but
the small llght would remain on as 1ong as the ice
detecting system was active. Tocal hlghway_malntenance
personnel were notified when a system was acﬁivated.

-11-
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ELECTRIC MOTORIST WARNING SIGN

Figure 9
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Sugersiructure Type

With an objéctive of determining if frosting frequency is
affected by superstrg¢ture type, visual observations were
made on 56 structures during two winters when conditions
were conducive to frosting. The superstructure types
and number of each included in the observations were:
Reinforced concrete box girders (23), Reinforced concrete
npn girderé {11), prestressed "I" girders (4), Steel
girders (14), and reinforced concrete slab (4). The
structures were located in the Fresno, Los Banos and
Modesto aféas of Central California.

Non-Corrosive Deicers

In their separate.studies of non-corrosive deicers,
Conrar&y 3 and Boies 11 found the fertilizer produce
urea to be very effective for melting ice at temperatures
down to 25° and to have a very low corrosive rate. Snow
seldom falls in the central and lower California Valley
areass; henée, the greatest need for a deicer in these areas
is to prevent or melt frost rather than snow or ice. Since
the temperature in these areas is seldom below 20°, it
appeared that urea would be an effective material for com-
bating the'froét problem and was, therefore, tried on a

- limited basis in three different areas. In all three
areas the material was used as a frost preventive in that
it was appkied the day before anticipated frost. 1In two
areas the éﬁproximately 1/16-inch diameter prills were
dissolved in water and the solution sprayed on the bridge
deck. In the other area the prills were broadcast onto
the deck_aiong'with'a fine spray of water.

-14-
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RESULTS
Enclosures _ 'f

Typical temﬁeratures recorded for the air, deck surface ‘
over the enclosed heated span, deck surface over the Q
enclosed but not heated span and the deck surface over |
the control span were plotted for various days and are

shown in Appendix A, Little temperature data are given for
Yolo Causeway and Webster Street because (1) very few below
freezing days occurred during the experiméntal period in
their area, and, (2) malfunctions in the recording equipment
caused erratic readings when below freezing days did occur.

Average femperature differentials, as shown on the plots in
Appendix A, occurring between the hours of 5:00 and 7:00 a.m.
between the heated and open spans, and enclosed but not
heated and open spans are given in Table 1. These data
show that for decks without asphalt concrete surfacing, the
surface temperature over a span heated with 11 watts per
square foot of deck area is about 10 degrees higher than

it is over an open span. Also, for decks with asphalt
concrete surfacing the temperature differential is about

7 degrees when 10 watts per square foot is applied to

the heated span. Why the heat transfer efficiency was

less for asphalt concrete surfacing was not discernible
during this test. '

As can be seen in the Appendix A plots, the deck surface
temperature can be either above or below that of the air
during low temperature periods. This fact reduces the
efficiency of anticipatory detecting systems which reguire
a deck temperature to be'severél degrees lower than that of
the air for activation of their logic systemé.

~15-
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‘A comparison of the Table 1 temperature differentials shows

that enclosing the span has little effect on the surface
temperature. Hence, under similar environmental conditions,
there should be no difference in frosting frequency between

box girder and open girder type structures.

Frost DeEécto;g

Bridge deck froéting or icing occurs on the average of

about 5 to 7 times annually in California's Central Valley
area, With this low occurrence frequency it was difficult

to adequately,aﬁd'accurately test the ice or frost detectors.
On most occasions, however, when deck frosting did occur, as
detected‘by visual observation and by feel of a car being
driven over the deck, none of the three makes of detectors
tested reacted to show frost.

Visual observations during the few times frost did occur
revealed some facts which probably greatly influenced the
performancé of the ice detectors.

In the California thtral Valley area, cold temperatures
are usually accbmpanied with low humidity. When this
occurs, the dew point (temperéture at which moisture begins
to collect on the surface) can be below the freezing point
of water. 1In fact, the dew point can be as low as 25° F.
Since the temperature during our test period was seldom
below this figure, it is conceivable that we often had dew
points lower than the lowest air temperature.' If this did
occur it would have severely hampered the performance of
the type of detectors tested. These detectors work on a
principle which requires the presence of moisture on one.
logic sensor when there is ice or frost on the other for
their combined‘iogiC'system to declare the presence of ice
or frost. To preclude the formation of ice on the logic
sensor designed to monitor whether or not moisture is
present, a heating elément is built into it. This heating

-16-
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TEMPERATURE DIFFERENTIALS

-

HEAT - AVERAGE TEMPERATURE BETWEEN 5:00 & 7:00 a.m.
STRUCTURE | wammg DECK*| DECK* DECK A° o
ft AIR | meatep|Insuratep| open | FERGERy | PNCGBRRP

Merced 11 26 35 26 25 | 10 1
River 11 26 30 23 25 5 -2
11 30 37 28 28 9 0
(6-5/8 11 31 39 35 33 6 2
inch 11 30 39 30 30 9 0
PCC 1 30 42 34 33 9 1
Deck) 11 31 42 34 33 9 1
1 31 38 30 30 8 0
11 28 36 27 26 10 1
11 24 35 - 26 25 | 10 1
11 28 38 27 26 12 1
11 25 36 26 25 11 1
11 24 38 28 27 11 1
11 27 37 26 25 12 1
11 23 | 35 25 25 10 0
11 21 33 23 22 11 1

“volo | s | 30| 37 ] 3& | T3z Ta 7|7 17
Causeway 5 31 37 33 32 5 1
(5 inch 10 33 42 37 37 5 0
PCC Deck | 10 35 42 35 35 7 0
and 2s1/2 | 10 33 41 34 34 7 0
inch AC 10 31 41 33 33 8 0
| surfacing){ 10 31 41 31 31 10 0
Webster | 3.5 | 30 | 37 | 31 | 31 | 0
St oc 3.5 30 35 30 30 5 0
(6" inch 7.0 32 45 32 33 12 -1

PCC Deck) |

*Underneath portion of two spans enclosed with urethane foam placed
at the bottom level of the girder. Hea& provided in one span, no
heat in the othex.

Table 1

-1 T
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element keeps %ﬁéiéﬁﬁébf”aioﬁ%*éib‘““&hus, under the given
”condltlon of~d bélow 32° dew point and above 32° tempera-
"5ture 3t the”

wensor,‘m01sture will not collect on the sensor.

; At the same tlme, woisture w111 collect and crystalize on

’“the -deck 'if  it-is at -or below the dew point temperature
(thls temperature has already been stipulated to be below
32° )” Hence, frost forms on the deck but the detecting
system 1s fooled because the temperature of its moisture
detectlng sensor is hlgher than the dew point.

’ The*effeétiVEhess;of an anticipatory system can be greatly
reduced 1n our test area by the fact that frequently frosty
condltlons materlallze rapidly. As mentioned earlier, in
this area cold temperatures are usually accompanied with low
huwidity. Occasionally, however, a sudden shift in wind
coﬁditiohs causes an immediate rise in humidity and
thereby causes an immediate combination of factors favorable
for frostingy. Often this change is so sudden that there is
little timeﬂﬁetween activation of the anticipatory system
and: the detéﬁtingisYstem.

S

;;Motoristharhing:

Motorlsts reactlon to the "ICY BRIDGE" warning sign when
it was flashlng was documented on four occasions by a two-
man team. One member ‘was statloned approximately 100 feet
in front of the 51gn, ~and well off the shoulder area to
mlnlmlze dlstractlon, Whlle the other was near the bridge
abutment partxally shielded from view by an elevation
dlfferentlal and a guard rail. Communications between
the two was prov1ded by walkle.talkles. " The team recorded

fae

any dlscernlble ev1dence of reactlon by the motorist to
deceleratlon. Reactlon by applying the brakes was easy to

‘determlne. Reactlon by motor deceleratlon was also easy

to determine on trucks, but was rather dlfflcult on cars.

-18-.
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The motorist was given credit for reacting whenever there
was not cleaf cut'evidence to the contrary. Vehicles
approaching the area at below average speed were not included
in the observations. Pickups were counted as cars; buses
were counted as trucks, '

During the obsexrvations, the ambient temperature'was low
enough for frosting, but even though it did form on the
railing and on adjacent shrubbery, frost did not form on
the deck. 1In order to conduct the observations, the sign
was turned on wmanually. Since there was aﬁple evidence

of frosting, the fact frost 4id not form on the deck should
not have affected motorists' reaction to the advanced
flashing‘warnihg sign in preparihg for the upcoming danger:?
henée, it also should not have affected the observation
results. '

The results were rather disappointing. They ranged from
a low reaction by motorists of only 24% of 105 cars and
23% of 60 trucks to a better but dlsapp01nt1ng high of
56% of 176 cars and 66% of 34 trucks.

There was one observation with a higher percent reaction
by motorists in cars, 62% of 13, but due to the small
number counted it is not considered as truly representatlve.
This observatlon was made when the v131b111ty at the
beginning was a little better than 500 feet, but gradually
dropped to less than 500 feet. Under these conditions,
most of the traffic was traveling rather slow as it
approached the sign and became slower as the visibility
decreased. Consequently there was a lot of subjectivity

in selecting which vehicles should be included in the
observation. After 35 minutes of observation the number of
vehicles traﬁeling too slow to be included outnumbered the
faster ones better than 2 to 1. The observation was, .
therefore, terminated. The results are'preSented to show
that even in very adverse conditions some motorists pay.

no heed to warning signs.
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Of three school buses that approached the area when visi-

‘bility was 1000 feet, only one driver made a discernible

reaction; he applied his brakes after he was on the bridge.

In retrospect, concurrent observations should have been

made on the other approach to the bridge. This approach
has a standard "¢LIPPERY WHEN WET OR FROSTY" sign, illuminated
by a flare pot. Such an observation would have vielded a
fairly accurate comparison of effectiveness between the

two sign types. '

Maintenance Warning

The telephone relay systems operated very effectively in that
they responded whenever an ice detecting mechanism indicated
frost had occurred. This type of system appears, however,

to be a very ineffective method of controlling deck frosting.
The time frost remains on decks in California's Valley area
is often as brief as 30 minutes. In most cases, it would
take almost this much time for a salting crew to assemble
and travel to the site, Consequently, in most cases the
frost would be gone before a crew arrived to salt if the
telephone relay system was relied on as a maintenance
warning device.

Superstructure Type

Decks of the 56 structures included in this phase of the
study‘were inspected by either a foreman or leadman of the
highway maintenance crew in the respective areas whenever
there was a potential for frosting. They recorded any
evidence of frost on either the railing or deck. All
structures were salted whenever there was evidence of deck
frosting. This practice probably reduced the frosting
frequency as it gradually built up a salt residue in the
deck which no doubt lowered the required deck temperature
for frosting to oecur.
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A true study of superstructure influence on frosting can

only be made if all other variables such as traffic, humidity,
temperature, wind, clearance underneath, salting frequency,
etc., are uniform., The ideal uniformity of outside variables
is impossible to find on a sufficient number of existing
structures to make such a study. The only alternative is

to inspect a 1éfge number of structures and rely on average
results as an indicator.

A two—year‘visuél observation of the 56 selected structures
indicates that'fhe environment in which the structure is
located has much greater effect on deck frosting frequency
than does superstructure type. Table 3 compares frosting
frequency of structﬁre types with objects crossed. Table 4
gives the average frosting frequency of the various types of
structures,"A definition of the abbreviations for structure
types used in the two tables is given in Table 4.

The results indicate that structufes over water are much
more susceptible to frosting than are those over either
railroads orﬁrogdways. There is little difference in
frosting'frequeﬁcy between structures ovei.railroads and
roadways. -

The results are surprising in that they show decks on

steel girders frost up less frequently than do those on
other type girGErs._ This is contradictory to reports by
maintenanté'perSonnél that historically they have had a
greater'frostihb problem with steel girdered decks than
with other types. Perhaps a major reason for the past
apparently'bne sided adverse performance of. steel struc-
tures is_thét, unfil recently, there were more of them than
other types'buiit'in areas conducive to frosting, i.e.,
over water.. |
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 EFFECT OF STRUCTURE TYPE
| ON
DECK FROSTING FREQUENCY

£
i

STRUCTURE .  NUMBER . FROSTY  AVERAGE
TYPE OBSERVED OBSERVATIONS FREQUENCY

‘l(

i
P R L
3

Psr'j_f e ST | | 3.7
RCB ez 50 . 2.2
RCT fwu-#gi\i 3 i éf 'Té7»' ’ 2.4
SSTL Ol '4 S 19 - 1.4

SLAB .4 20 . 50

LEGEND

| Pres#r'esS'"I" girder-s

0o

,PSI

RCB ._'Relnforced concrete box girders

ek

RCT =”:Re|nforced concrete' T" girders
8TL ‘= Sfructurol s'reei 1" glrders

SLAB = 'Remforced concrete solld stab

cement concrete deck
: 2w e

i
i

Table 4

ol
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The box girder type had a slightly less average frosting
frequency than did all other types except steel.

Reqgardless of which frost more or less frequéntly, the
observations show that all superstructure types are sus-

. ceptible to frosting. Consequently the frosting problem
in California cannot be solved merely through use of a
particular superstructure type.

The inside passing lane, which normally carries less traffic
than the others, was found to be the first to frost. Hence,
traffic volume is obviously an important variable in the
frosting frequency problem.

Non~-Corrosive Deicers

Urea, whether applied in a solution or solid form, proved

to be about as effective in preventing frost as sodium or
magnesium chloride solutions. However, it appeared to cause
the deck to become overly slippery for some.time after its
application. S8kid tests conducted with Highway Patrol cars
were made to compare the slipperiness of urea with sodium
chloride solution, plain water and dry pavement. Results

of these tests are given in Figure 10. The results did

not corroborate the overly slippery claim and more work

was planned to deveiop urea as a non-corrosive deicer. In
the meantime the California Division of Highways Materials
and Research Department was conducting corrosive studies

on several deicing candidates.® During these studies, they
found urea to be non-corrosive in light or moderate con-
centrations but highly corrosive in heavy concentrations.

As the latter condition will occur after several applications
on a bridge deck, interest in further studies of urea as a
deicer was lost.
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SKID TESTS

‘Pavement -

Surface . . Run Skid . Coeff. of
Condition _ No. ‘Length (ft) Friction

Wet with = 1 49.5 82.5

plain water - 2 49.5 82.5
: ' 3 48 85

. Ave. 83.5
Urea solution . 1 48% _ 85
sprayed over" 2 53 77
damp surface 3 52.5 78
2nd application 4 55 74
: 5 59.5 69

Ave. 75.0
-'Magnesium Chioride 1 46%% _ 84
solution sprayed 2 53.5 76
over damp surface. 3 52 ‘ 78
2nd application 4 49 o 83
5 51 o 80
6 46 89

Ave. 80.1
Dry 1 55 74
2 49 83
3 51 80

Ave, 79.0

Skid tests ‘wére made w1th a 1966 Dodge California Highway
Patrol car travellng at 35 mph on 2 year old PCC pavement.

Coefficienta of friction were determlned from a formula
used by the nghway Patrol:

Y 2 .
_af = 0.,033Y" shere V = velocity .
. s S = gkid length

*Rear wheeisfstarted skidding 3' short of test section.
Not included in the average.

**Car travellng more near 34 mph. This should not signif-

icantly affect friction determination, but nevertheless to
keep variable to a minimum it was not included in the
averages.

Figure 10
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Also, at about the same time, the development of a non-
corrosive deicer was removed from the scope of this project
and added to another Federal sponsored project being
conducted by the California Division of Highways Materlals
and Research Department. The title of that pro;ect is
"Evaluation of Non-corrosive Deicing Chemicals." Hence,

no further work was done on non-corrosive deicers under
this project. '

It is interesting to see that from Table 6 cost of materials
to salt bridge decks account for only approximately 11% of
the total salting cost. This fact becomes very important
when a non-corr051ve deicer is conszdered. Most non-
corrosive -deicers are several times more expen51ve than
sodium chloride. This additional material cost has caused
a prejudgment of the non-corrosive concept'as uneconomical,
whereas in fact, the additional cost of materials would
raise the overall saltlng cost only slmghtly and the small
increase would be more than offset by the consequent
reduction in costly deck 'deterioration repairs.

DISCUSSION

Heating Cost

Heat reQuired inside an enclosure under a concrete deck
to preclude its surface from frostlng is affected by the
following variables:

1. Air temperature 4. Deck thickness
2. Wind 5. Enclosure Efficiency
/ 3. Humidity '

Of these variables, deck thickness and enclosure efficiency
remain constant on a given bridge: hence, heat loss due to
these variables is predictable.

On the other hand, the first three listed variables will
change from day to day or in fact from hour to hour and
cause an unpredictable changing heat loss at the deck

~27~
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surface.

It would be ektrememly diffiéult, if not impossible, to
design a heating system with an output capable of coping
with fiuctuating demands of the changing variables. A
very important fadﬁ to be considered in such a design is
the time element. Time is regquired to raise the heat
inside the enclosure and for conductance of the heat
through the slab. The variables, however, can change
very quickly, especially wind velocity. - Hence, to be
effective, a responsive heating system would require an
anticipatory unit capable of anticipating the upcoming
variable change. Such a device does not exist. There
was not sufficient data collected during this research

to shed ény light on what the heat demands would be for
any of the variables, ' The data did show that a heat supply
inside an enclosure of approximately 1l watts per square
foot of deck area would raise the deck surface temperature
10°F or more approxihately 90% of the time when it was
exposed to air temperatures down to 25°, Such a tempera-~
ture rise would probably be effective in precluding frost
at air tempreatures as low as 21° a high percentage of
time. This assumption is based on the fact that at one
location when the air temperature was at this level, the
heated deck was conspicuously dry when the adjacent decks
were frosty, and that generally, in California's valley
areas thé lower temperatures are usually accompanied with
low humidity ahd an attendent low dew point.

Until mdre data are collected, and to lessen the risk of
frosting in-thé interim, the design of a deck heating system
should be capable of delivering an equivalent of 22 watts
per squaré foot of deck area. This is twice the maximuni
which was available du;ing this reseafch, consedquently

a good safety_margin would be provided against frosting
since the 11 watts was 100% effective during the two years

-28-
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it was tésted. The higher heat value should be controlled
so that it is not activated until the oﬁtside air'témperam
ture drops to approximately 29°. This should allow more
than sufficient time for the additional heat to build up
inside the enclosure before it is needed at the surface.
Doubling the heat which was available during this research
for future applications will not overly iﬁcrease either

the installation or operating cost of a normal operating
system. During the two years of this reéearch, air temp-
erature at the two sites (two of the experimental structures
were very close together; therefore, could be considered as
being at the same site) reached 29° only one time at one
and eighteen times at the other. For comparison, air
temperature at the sites reached a low between 38° and

30° forty and sixtyone times respectively. |

Subsequent to the start of this research, Célifornia
installed a heating system under a steel orthotropic

deck. The'structﬁre_is located in a mild'#alley envi:oﬁ_
ment where regular concrete decks frost infrequently. The
steel deck, however, frosted frequently.  Salting necessary
to combat this frosting not only caused inordinate work by
maintenance crews but also caused concern for corrosion of
the steel deck. Hence, the heating system was installed

" during the Summer of 1969 and salting was discontinued

thereafter.

The heating system consists of two 240,000 BTU output
heaters, oné on each end of the structuret‘With air

blowers to disperse the heat. The bottom portion of the
enclosure was formed with ribbed steel decking supporting
urethane foam insulating sheets. The thermostat controlled
system turns on with a full output (480,000 BTU) when the
outside air temperature drops to 40° and reduces to 1/4
output (120,000 BTU) when the inside'temperature reaches
80°. (This "turn on" temperature appears high and the
design engineers are planning on experiménting with lower-

ing it this coming winter, 1971-72). Since the system

-20-
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has been in operation, frost has formed on the deck twice:
Once during the initial adjustment period and once during
an equipment breakdown. Otherwise, the system has been

very effective in preventing deck frosting.

Deck area heated by the system is 9,100 sg. ft. Therefore,
the initial heat supplied is 52.7 BTU per sq. ft. The 22
watts prbposed as a maximum heat source for concrete decks
is equivalent to 74.8 BTU. The system cost $52,000, or
app:oximately'$5.?1 per sg. ft. Operating cost -- gas and
electricity -- during the 1970 year was $332 or $0.036 per
sq. £ft. This includes standby costs during the warmer
months of the year. (Table S), One point of interest in
the operating cost figures is that it cost the same for
electricai‘pdwer to disperse the heat (electrical blowers)

as it did for gas power to provide it (gas furnances).

The system has not been in operation a sufficient time for
accrual of meaningful maintenance cost.

The heating éystem placed under the orthotropic deck and
the opérating parameters are similar enough to the require-

ments of conérete bridge decks in the California valley

areas that cost of the orthotropic system could be used

as an averagé estimated cost for heating a concrete deck
with little érror. In some cases the operating cost could
be a little ﬁigher, but on the other hand, in some cases
the installing cost would be much lower, for instance, on
a box girder type structure which already has a built in
enclosure. Therefore, for estimating purposes, the cost
of a heating system for a concrete deck in California's
valley area would be $5.71 for installation and $0.04 per
year operating cost per square foot of deck area. An
eStimated cost of, say $0.02 for maintenance should be

a little on the high side, Most of the system should have
a service life.of approximately 25 years}

-30-
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POWER BILLS

"FOR - _
HEATING RTE. 680/580 SEP.
(Steel Orthotropic Deck) -

R Month Gas | - Electricity

Year _ (Bill rec'd) (Heaters) - ' (Blowers)
1969 Aug’ $ 0.85 $ 1.71
Sept 1.20 1.71
Qct 3.09 . 2.82
Nov : 0.00 . 0.00
Dec 25.21 : 24.56
1970 ' Jan _ 26.22 ' 22.717
Feb : . 31.65 _ 27.85
March : 27.33 o 26.98
April 17.45 . 18.82
May : 17.63 15.97
) June 9.28 5.10
July : 3.45 | 2.93
Aug ' 3.45 2.93
Sept 3.68 : 3.99
Oct 3.51 ; 2.12
Nov 5.45 : 7.69
Dec 17.54 28.33
1971 Jan . 54.88 67.14
’ Feb 67.41 - 41.02
March - 55.40 . 31.16
April 22.86 12.47

TABLE 5
-31-
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Deck Saltlnq Cost

Salting costs of bridge decks, including labor, equipment
and materials, were gathered from six different maintenance
superintendents' areas. These costs cover a three-year
period and are?shown in Table 6. Even though over 95% of
the cost data shown represents bridge deck salting costs,
it is impossible to calculate from them an expected annual
cost to salt a bridge deck in the valley environment. The
primary'reasonhfor this is that the cost given is for
salting between certain limits of designated highway
roﬁtes,'bﬁt not all of the bridge decks within these
limits are salted the same number of times each year. For
instance, those decks located over streams in an urban
area are invarlably salted any time salting is needed along
the route,'whereas those located over a city street near a
kmetropolitan area are salted only occasienally. The decks
" located inubetﬁeen these extremes are salted according to
the demahds of ‘their environmental area. Heretofore,
precise recorda'as to exact structures covered on each
salting run have not been kept. In addition, the total
sjuare foot area of deck also affects the average salting
cost. Generally, the greater the total square foot area
of deck along the route, the less cost redquired per square
foot to salt ir. This should be expected due to a more
efficient use of personnel and equipment afforded by the
larger areas. -

Althoughyrﬁe cgat data cannot be used to'give an exact annual
cost, 1t 1s nevertheless presented so as to give some
1ndlcat10n of costs to salt valley bridge decks. Table 7

is 'a breakdown of cost per square foot of area on some

of the routes for which the data in Table 6 represents.

The wide‘variaﬁility in costs which are expected due to

the factors discussed‘are clearly shown in this table.
Without the 1nformatlon needed to apply a proper weighted
factor to ‘each’ cost, the average annual cost cannot be
calculated. An emplrlcal evaluation shows that two

-32-
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" FROST PREVENTION COST DATA

(Cost per sq. ft. of deck area)

Salting Method

" Do
.Do_

Nacl

Do

Do &

Nacl
Do
Do &

Nacl
Do
Do &
MgCl
Do
Urea

‘Mgcl
‘Do

Urea

MgC1
Do

‘Do

MgCl
‘Do
Do

.NaCl/Sand
Do. -

éolution
Nacl/sand

Solution

Nacl/sand

Solution
Nacl/sand

§olution

Solution

Solution

Solution

Salting
Cost

$1,221
849

3,015
4,594
4,195

860
1,593
1,196

1,082
1,867
1,251

1,760
2,964
3,807

600
1,810
2,289

2,232
3,236
3,323

1,051
2,221
2,660

TABLE 7

~34-

Bridge
Deck
Area

$ 61,700
Do

199, 200
bo

183,900
Do
Do

26,400
Do
Do

25,600

53,300
Do

132,700
Do
Do

77,200
Do
Do

306,700
Do
Do

276,300
Do
Do

Cost/
Sg.ft.

$0.020
0.014

0.0002
0.0004

0.016
0.025
0.023

0.032
0.060
0.045

0.042
0.035
0.024

0.013
0.022
0.029

0.008
0.023
0.030

0.007
0.011
0.011

0.004
0.008
0.009
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cents pér square foot is an acceptable éverage annual,
salting cost of a structure located in an average valley
frosting environment. This figure should be raised for a
structure with a small deck area that is located in a
severe frosting environment. Conversely, it should be
lowered for a structure with a large deck area that is
located in a mild frosting environment.

Heating vs Salting

A cost comparison between enclosure heating and deck
salting should include not only installation, maintenance
and operating cost, but also a value for safety to the
maintenance salting team and the cost to repair decks
damaged by‘salt. Deck heating would eliminate the need
for salting teams, therefore, should be given due credit
for providing a safer operation. Similarly, salting
causes premature deck deterioration and should therefore
be monitarily penalized accordingly in a cost comparison.

Quantitative records of accidents involving salting teams
could not be found. Hence, assigning a meaningful
quantitative value for safety to a method which would
eliminate the teams is impoésible. Therefore, a qualitative

value will have to be used in a cost comparison.

The cost to restore salt damaged decks can be estimated
with a fairly high degree of accuracy. So far there have
been about 100 salt damaged decks repaired in California.
Cost of these repairs have averaged approximately $2.87

per square foot of deck area. Time needed to repair after
salting is started on a bridge deck has aﬁeraged'approxi—
mately 11 years. These repairs are considered as temporary
expediencies with outright deck replacement an ultimate
requirement. Life of the repairs is uncertain but is

=35w

wavwlastio.com


http://www.fastio.com/

ChhPDF -

estimated to be a minimum of 15 years in a valley
environment. 7This-estimate is based on the performance

history of repairs made on decks built with calcium
chloride in the concrete.

There have beén 5 salt'damaged decks replaced thus far in
California. (These decks were not repaired prior to
replacement). The average cost of replacement has been
approximately $14.30 per square foot. The replacement
cost inéludesya protective seal to prevent salt damage to
the new deck. '

We therefore;&have the following cost figures for compara-
tive purposes (all are per square foot of deck area):

Enclosure Heating

Initial: $ 5.71
Annu%l Operation: 0.04
Annual Maintenance: 0.02
Heating System
Replacement: 5. 00
‘Saiting @f
;.Annual Operation: $ 0.02
Deck;Repair: 2.87

Deck Replacement: 14.30

The normal prbcedure used in a cost comparison or a cost
effectivénessfstudy is to consider a 50 year structure
life. Based on an average annual cost amortized over a
50-year perio& we have: |

Enclosure Heating

(Ini%ial + replacement + operating)

5.71 + 5.00_+ 0.06(50) = $0.28/yr

Salting - _
(Repair + replacement + operating)

2.87 + 14.30 + 0.02(50) = $0.36/yr
: ' 50

=36~
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Tnstead of a straight amortization, if we consider the
costs on a present worth basis using 5% interest rate
and 50~year life we have:

Enclosure Heating
Initial: ' $ 5.71

Annual operation: 0.04 (18.26)* = 0.73
Annual Maintenance: 0.02 (18.26}* = 0.37
Replacement: 5.00 {0.295)% - = 1.48
| Total = § 8.29

Salting
Annual Operation: 0,02 (18.26)* = §$ 0.37

Deck Repair (in 11 years): 2.87(0.585%*= 1.68
Deck Replacement (26 years x 14.30 (0.281.)*= 4.02

_ Total . $ 6.07
*pPresent worth factor L

' Thus the more economical choice is dependent on the

method used to evaluate the cost. By a straight amortiza-
tion, enclosed heating is wore economical than salting;
whereas, by present worth, the economy is reversed.. A
Eredit value for safety to maintenance crews applied to

the enclosed heating system would tend to narrow the cost
differential of the present worth method. This cannot be
done because of the lack of data in this area. The figures
are'sufficiently far apart, however, that the credit factor

‘would probably not significantly alter the resultss salting

would still be more economical on a present worth basis.

From thercloseness of the cost comparison and the fact
most figures were determined subjectively, no definite
general conclusions can be drawn from the data presently
available regarding the most economical frost preventive

method. Future comparisons will have to be made on a
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structure to étructure basis. There is a Highway Research
Board spohsoréd research project being done by Midwest
Regearch Institute of Kansas City, Missouri, "Economic
Evaluation of the effects of Ice and Snow on Bridge Decks,"
with an objective of developing a methodolgy, including
cost-benefit or cost effectiveness procedures, that can
be used to determine the added design or extra maintenance

cost justified to prevent or remedy ice or frost on any
bridge deck. 'This study should provide more meaningful
cost data},including accident prevention cost than what
is currently available.

- -38-
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CONCLUSIONS

1. Type of structure has little influence on the
frequency of deck frosting. '

2. Objeqt'dver which the structure croséés*—- waterway,
roadwéy; railway, etc. ~-~ has a marked influence on
the frequency of deck frdsting. The frequency is
much greater on structures over water and about the

same on structure over roadways and railways.

3. "After-the-fact" type of warning to maintenance crews
of deck frosting is ineffective in California's valley
areds'since the duration of frost is generally shorter
than the time for maintenance personnel to assemble
and travel to the site.

4. The ice detecting and anticipatory typé mechanisms
tested are not effective on bridge decks in the
California Valley area.

5. Motorists reaction to an illuminated warning “icy
bridge" sign is poor.

6. Frost on a bridge deck surface can be prevented by
under the deck heating.

7. The cost of heating a deck in the California Valley
environment compares favorably with the over all cost
of salting and attendant deck deterioration.

8. Bridge deck heating is the ohly total solution to the
bridgé deck preferential frosting problem in a valley
environment: It eliminates the need of warning systems:
it eliminates the need of salting crews; it eliminates
salt caused deck deterioration.

30—
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RECOMMENDATIONS

1. Provide heating inside approximately 12 mainline box
girder structures in the California Central Valley area.

2. Provide suitable openings in all box girder structures
to be built in the valley area, the purpose being to
make the addition of future heating facilities a less
costlYIVenture should the system continue to show promise.
These openings can be provided during construction at

little, if any, additional cost.
IMPLEMENTATION

Openings-have'already been provided in approximately 6 box
girder structures. It is planned to add heating facilities
to these and other structures in the near future. Additional

observations will be made on the performance of these systems.

Future action will be dictated by the results of these observa-
tions. . :
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TEMPERATURE AND ICE DETECTION
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TEMPERATURE AND ICE DETECTION
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TEMPERATURE AND ICE DETECTION
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TEMPERATURE AND ICE DETECTION
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TEMPERATURE AND ICE DETECTION
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TEMPERATURE AND ICE DETECTION
" MERCED RIVER BRIDGE
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TEMPERATURE AND ICE DETEGCTION
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TEMPERATURE AND ICE DETECTION
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TEMPERATURE AND ICE 'DET'.ECTION
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TEMPERATURE AND ICE DETECTION
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TEMPERATURE AND ICE DETECTION
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TEMPERATURE AND.ICE DETECTION
YOLO CAUSEWAY '
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TEMPERATURE AND ICE DETECTION
" YOLO CAUSEWAY
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